Cyanuric acid, used as chlorine stabilizer in swimming pool waters, has a relatively minor effect on the algicidal efficiency of free chlorine. The toxicity of free chlorine to three swimming pool algae was reduced slightly by 25 mg of cyanuric acid per liter if inhibiting, but less than algicidal, concentrations of chlorine were employed. Higher stabilizer concentrations (50, 100, and 200 mg/ liter) generally resulted in no further reduction in the algicidal efficiency of free chlorine beyond that observed at 25 mg/liter.
Cyanuric acid, used as chlorine stabilizer in swimming pool waters, has a relatively minor effect on the algicidal efficiency of free chlorine. The toxicity of free chlorine to three swimming pool algae was reduced slightly by 25 mg of cyanuric acid per liter if inhibiting, but less than algicidal, concentrations of chlorine were employed. Higher stabilizer concentrations (50, 100, and 200 mg/ liter) generally resulted in no further reduction in the algicidal efficiency of free chlorine beyond that observed at 25 mg/liter.
Cyanuric acid and chlorinated cyanurates have been utilized since about 1950 and have been generally considered the most effective stabilizers of chlorine. Cyanuric acid or the compounds of chlorinated cyanurates are commonly employed in swimming pools to reduce the loss of free chlorine by UV radiation. Up to 90% of the chlorine residual may be lost within several hours when exposed to sunlight. The addition of cyanuric acid may reduce this loss to only 10 to 15% of the total chlorine residual (6, 7) .
Several investigations have been conducted to ascertain the effect of cyanuric acid on the bactericidal properties of chlorine. In laboratory experiments using distilled water culture, increased concentrations of cyanuric acid resulted in the requirement for greater quantities of chlorine to achieve the same degree of bactericidal activity as lower chlorine concentrations without stabilizer (3; E. B. Robinton and E. W. Mood, Annu. Meet. American Public Health Association, 1965). Other studies performed under swimming pool conditions (4, 5), however, reported that cyanuric acid did not reduce the efficiency of chlorine as a bactericide, but in some instances actually improved the efficiency.
Although the influence of cyanuric acid on the bactericidal efficiency of chlorine has been investigated, the effect of the stabilizer on the algicidal efficiency of chlorine is unknown. This study was Algae cultures were maintained in exponential growth by daily replacement of half of the culture with fresh medium. Approximately 104 cells or filaments of the individual test algae served as the inoculum for all experiments. Cell numbers of the inoculum of Oocystis sp. and Pleurochloris pyrenoidosa were determined by using Bright-Line Hemacytometer (American Optical Corp.). With Phormidium minnesotense, the number of filaments was counted with the aid of a Petroff-Hauser counting chamber. Cell and ifiament numbers were adjusted by centrifugation and subsequent dilution with chlorine demand-free water to obtain an inoculum concentration of 104 cells when added to 60 ml of culture medium.
Stock and experimental cultures of test algae were grown under cool-white fluorescent illumination of 9,500 lx, a 12-to 12-h light-dark cycle, and 26 ± 2°C.
All experiments used 250-ml flasks previously washed in detergent and rinsed in sequence with distilled water, 1% HCl, five changes of distilled water, full strength commercial Chlorox, and three rinses with chlorine demand-free water.
The culture medium (Algae Broth, Difco Laboratories, Detroit, Mich.) was adjusted and maintained at pH 7.4 + 0.1 with a phosphate buffer. The chlorine demand of the medium (in 500-ml volumes) at pH 7.4 for a contact time of 24 h was 1.21 + 0.02 mg/liter and was satisfied by the addition to 0.42% commercial Chlorox.
Exposure of the medium to sunlight was used to remove the chlorine residual (2) .
A range offree-chlorine concentrations (10, 5, 2, 1.5, 1.0, 0.5, and 0.25 mg/liter) was initially used to determine a satisfactory experimental range of inhibition of the test algae. They were obtained by preparing a stock chlorine solution from commercially available PACE Super Chlorinator and Shock Treatment (Olin Chemicals, Stamford, Conn.). The concentrated solution was diluted with chlorine demand-free water so that 1 ml added to 60 ml of the culture medium gave the proper final concentration.
Stabilizer (cyanuric acid) concentrations of 0, 25, 50, 100, and 200 mg/liter were prepared by solution of commercially available PACE Pool Stabilizer and Conditioner (Olin Chemicals) into chlorine demand-free culture medium. To 58 ml of chlorine demand-free culture medium with stabilizer, 1 ml of chlorine and 1 ml of algal inoculum were added to produce a final volume of 60 ml.
Each test alga (final concentration, 104 cells or filaments) was placed in chlorine demand-free culture medium containing 0, 1.0, 1.5, and 2.0 mg offree chlorine per ml and 0, 25, 50, 100, and 200 mg of cyanuric acid per ml. After a 24-h exposure to the chlorine, a 1-ml sample was removed and placed in 25 ml of broth (Difco) in 50-ml flasks. The sample was thoroughly mixed and then filtered through sterile 4.2-cm Whatman no. 1 filter paper. The filter was rinsed with 25 ml of sterile medium, placed in 60-by 20-mm Petri plates containing Difco Algae Culture Agar, and allowed to incubate for 2 weeks under the culture conditions previously described. Be--tween filtrations, the glass filtering apparatus -was rinsed with 25 ml of a 4% Chlorox solution, 1 ml of dechlorinating agent (Na2SO3), and 100 ml of sterile distilled water. After 2 weeks of incubation, algal colonies that developed after exposure to various chlorine and stabilizer concentrations were counted under a stereomicroscope. Data were subjected to a one-way analysis of variance and the Scheffe multiple-range test.
From the chlorine concentrations surveyed, three (1.0, 1.5, and 2.0 mg/liter) were selected to provide significant differences (a < 0.05) in algicidal efficiency, from reducing the algal populations only slightly to near total or 100% kill ( Fig. 1-3 When the various concentrations of free chlorine and cyanuric acid stabilizer were used in concert, the following results were obtained. At a chlorine concentration of 1.0 mg/liter, the addition of 25 mg of cyanuric acid per liter caused a small, but statistically significant, increase (a < 0.05) in the viability ofPleurochloris pyrenoidosa (Fig. 1) . With increased stabilizer levels (50, 100, and 200 mg/liter) the number of viable cells did not increase appreciably over that observed at 25 mg/liter (Fig. 1) . At a freechlorine concentration of 1.5-ml/liter, the viability of Pleurochloris pyrenoidosa also increased significantly (about 21%) when 25 mg of cyanuric acid per liter was added (Fig. 2) When Oocystis sp. was exposed to 1.0 and 1.5 mg of free chlorine per liter, the addition of stabilizer generally resulted in a slight, but in some cases significant (a < 0.05), effect on the viability of the alga (Fig. 2) . A free-chlorine concentration of 2.0 mg/liter resulted in greater than a 99% kill of Oocystis sp. Adding various concentrations (25, 50, 100, and 200 mg/liter) of cyanuric acid only slightly decreased the toxicity of the chlorine (Fig. 2) .
When Phormidium minnesotense was exposed to 1.0 mg of free chlorine per liter, the addition of the various concentrations of cyanuric acid resulted in a small and insignificant increase in viability (Fig. 3) . The free-chlorine concentration of 1.5 mg/liter killed more than 99% of the Phormidium minnesotense filaments. The addition of cyanuric acid over the concentration range used did not alter the algicidal efficiency of the chlorine. When Phormidium minnesotense was exposed to 2.0 mg of chlorine per liter, complete kill resulted. This concentration of chlorine remained algicidal over the entire stabilizer concentration range.
In summary, the three pool algae differed noticeably with respect to viability after exposure to the three free-chlorine concentrations. Our results agree with those previously reported in laboratory studies on the effect of cyanurates on the bactericidal efficiency of chlorine (3; Robinton and Mood, Annu. Meet. American Public Health Association, 1965). That is, in the presence of cyanuric acid, the toxicity of free chlorine to selected pool algae is reduced slightly, although in some cases significantly. Increasing the concentration of cyanuric acid (from 25 up to 200 mg/liter), however, did not result in a proportional or additional reduction in the algicidal efficiency of chlorine.
